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Abstract 

Fermentation is a chemical procedure by which molecules such as glucose are 
broken down anaerobicaly. This process begins with an appropriate microorgan- 
ism and in particular conditions, cautious modification of nutrient concentration 
which results in the fabrication of energy occurs in the cells of the body, in plants 
and some bacteria. Fermentation has emerged as a prospective technology for the 
manufacture of microbial foodstufts feed, food, industrial chemicals, and pharma- 
ceutical products. Fermentation is the progression in which numerous microor- 
ganisms have altered pyruvic acid into carbon dioxide and ethanol in the absence 
of oxygen, in order to replenish NAD* expedition during glycolysis. Production of 
several metabolites has been relevant for the food dispensation industry centered 
on flavors, enzymes, organic acids, and xanthum gum. 


Keywords: Fermentation, glycolysis, microorganism, aerobic, anaerobic 


4.1 Introduction 


In the mid-1970s, term “biotechnology” came into common use, in par- 
ticularly fermenter control, design, purification, and product recovery to 
define chemical engineering processes with the help of microorganisms 
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Figure 4.1 Fermentation process. 


and their products [1]. Technology has been defined in a very simple form 
as applied science to the complex form of scientific study of the practical or 
industrial arts [1]. Fermentation is the area of biotechnology, technology 
which is very pulsating and fast growing, absorbing an ever-growing pro- 
cesses and products. Fermentation technology has a brighter future and 
longer history than biological sciences by covering significant areas of food 
and medicine in the mankind services [2]. 

Fermentation technology has been widely used in the industry of food, 
pharmaceuticals, and alcoholic beverages on huge scale. Term fermenta- 
tion has been derived from the Latin, meaning boil, because bubbling and 
forming of fermenting beverages appear as boiling. Zymology is identified 
as the science of fermentation (Figure 4.1). 

Modern industries have supplemented with a more favored biological 
development due to high specificity, easiness of reaction, low cost, and 
application adaptability of fermentation. The basic fermentation principle 
with advanced techniques of genetic engineering has been applicable in the 
biochemical, biomolecules, and biofuels production [3]. 

Some microbiologists used the term fermentation to depict the mass 
culture production process with the help of microorganism. The product 
referred to as biomass production (can either be the cell itself) and referred 
as a product from a natural or genetically enhanced strain [4]. 


4.2 Basic Principle of Fermentation 


The basic principle of fermentation is also based on the microbial compat- 
ibility along with the medium constituents. As soon as microbes uptake 
the medium nutrients, they started to produce primary metabolites for 
their growth maxima (log phage). Primary metabolites further acts for the 
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production of their secondary metabolites (stationary phase). So fermen- 
tation process is reflected by microbial growth kinetics. 

Fermentation is the progression of rising microorganisms in a nutrient 
media by maintaining the physiochemical situation and thereby convert- 
ing feed into desired products. 

The end products of a metabolic form could be further oxidized for 
example, yeast cell evolved two molecules of ATP during metabolic pro- 
cess of ethanol production. According to Pasteur “life without air” means 
in organism an anaerobe redox process. This process is the simple chemical 
conversion of bioorganic compounds into simpler products with the help 
of bacteria, yeast or fungi either alone or together. This type of organism's 
action (bioconversion) can be seen throughout their expansion, develop- 
ment, imitation even senescence, and demise. A smaller number of genera, 
that is, more or less five of yeasts, six of bacteria, and eight genera of molds 
participate for the vast greater division of these microbes [5]. 

High demand products (wine, beer, cider, vinegar, ethanol, cheese, hor- 
mones, antibiotics, complete proteins, enzymes, and other useful goods) 
are released into the media throughout growth/non-growth metabolic 
period of the microbes and these end products of their life cycles are of 
use of human being. The basis of the fermentation is that organism grows 
in the media suspended with all the important necessities under suitable 
condition [6]. During this process complex organic molecules are converts 
into smaller compounds or nutrients. For example, the role of three most 
important enzymes, that is, protease breaks down enormous protein mol- 
ecule first into polypeptides, peptides, followed by numerous amino acid, 
similarly amylase coverts carbohydrates, reducing starches and complex 
sugars into simple sugars, and lipase hydrolyzes complex fat molecules into 
simpler free fatty acids. There are more than thousand examples of such 
activities of more enzymes (both internal and external part of our bodies). 
Some other important by-products are also released during the fermenta- 
tion process [5]. 

Fermentation is an extensive pathway, but it is not the only way to get 
energy in the absence of oxygen (from fuels anaerobically). Aerobic means 
“with air”. This type of fermentation needs oxygen for it to arise so it is 
called aerobic fermentation. Their life duration is released into the media 
and the end product formed as a outcome of their metabolism that have 
a high industrial value which are extracted for utilize by human being 
(Figure 4.2). 

For the fermentation technique, it has been essential to make sure that 
only desirable microorganism should start to grow on the substrate. This 
process has ensured the other microorganisms suppression that can cause 
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Figure 4.2 Principle of fermentation. 


either food poisoning or pathogenic and can destroy the fermentation 
process, resulting in undesirable and unexpected end product. The best 
example to determine this difference has been seen in between the pasteur- 
ized and unpasteurized milk spoilage. The unpasteurized milk has been 
destroyed naturally and produces a sour tasting product that has been used 
in the baking industry to improve the breads texture. However, pasteur- 
ized milk has been destroyed and produces an unpleasant product that has 
been disposed off. The main reason for this difference has been described 
as pasteurization has changed the microbial environment and if pasteur- 
ized milk has been kept unrefrigerated, the undesirable microbes grow and 
multiply and desirable microbes died. While in unpasteurized milk, lactic 
acid, non-pathogenic bacteria grow and multiply with greater rate than any 
other pathogenic bacteria [7]. 


4.3 Biochemical Process 


Glycolysis is a complement process which makes it possible for production 
of ATP continuously even when oxygen is absent. Fermentation regener- 
ates NAD* by NADH oxidization, which can take part in glycolysis to pro- 
duce more ATP. At the end of glycolysis, pyruvic acid is formed which has 
the property of reacting eagerly with hydrogen. Pyruvic acid ceases to be a 
fuel and if the normal path of hydrogen to oxygen is blocked it becomes a 
hydrogen acceptor. By the use of pyruvic acid as hydrogen acceptor most 
microorganisms and ethy] alcohol in plants produces, and forms lactic acid 
in certain bacteria and animals. In alcoholic beverages the active ingredient 
is ethyl alcohol. Fermentation yields only about 5% of the energy obtained 
by aerobic respiration. This small amount of energy is adequate to maintain 
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Figure 4.3 Detailed biochemical process of fermentstion. 


the life of organisms such as bacteria, yeasts, and other anaerobes (organ- 
isms that normally live or can live in the absence of oxygen). Enormous 
majority of organisms are, however, aerobes, that is, need oxygen for respi- 
ration. To maintain the life of these organisms, fermentation energy is too 
little. In the absence of oxygen they die within minutes. Fermentation can 
add-on the aerobic energy in them (Figure 4.3). 

Result of the enzymes activity is the changes that take place during 
the fermentation. Biochemical reactions have been precised by enzymes 
(compounds of proteins created by living cells). Rather than being used 
in a reaction, enzymes have been recognized as catalysts because they 
organize the reactions. In nature, they are proteinaceous and fluctuated by 
moisture content, temperature, pH, concentrations of substrate and inhibi- 
tors, and ionic strength. Each enzyme has required optimum conditions 
at which it can function most resourcefully. Edges of pH and temperature 
will knock down enzyme activity and denature the protein. They are so 
sensitive and their enzymatic reactions can be simply controlled by minor 
adjustments to moisture content, pH, temperature, or extra reaction con- 
ditions. Enzymes have several roles in the food industry as the conversion 
of sugars, the modification of proteins, and the liquefaction and sacchari- 
fication of starch. In the fermentation of fruits and vegetables microbial 
enzymes play an important role. 

With any fermentation it is essential to make sure that only the desired 
yeasts, moulds, or bacteria start to multiply and grow on the substrate. 
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4.4 Fermentation Methodology 


Fermentation process is carried out in a container which is known as 
the fermenter or bioreactor. Depending upon the type of fermentation 
carried out the design and nature of the fermenter varies. Invariably all 
the fermenters have services to measure various fermentation param- 
eters such as beyond fermentation time, liquid, temperature, pressure, 
pH, level, mass, etc. (Figure 4.4). The different types of fermenters are 
as follows. 

External recycles airlift fermenter—methanol as substrate, for produc- 
ing bacterial biomass. 

Abundant fermented products are devoted around the humankind. 
Each homeland has its own types of fermented food, representing the 
staple diet and the raw ingredients available in that exacting place. They 
may not be associated with fermentation, while the products are well 
known to the individual. Certainly, it is to be expected that the methods 
of producing abundant of the worlds fermented foods are unidentified and 
came concerning through possibility. Several more vegetable products and 
fermented fruit arise from lactic acid fermentation. The more obvious fer- 
mented products are the alcoholic beverages, wines and beers (Figure 4.5). 
However, they are enormously important in meeting the dietary require- 
ments of a large proportion of the world’s population. 

Organisms which are responsible for fermentation are as follows. 


¢ Prokaryotic: cyanobacteria and bacteria 
e Eukaryotic: Algae, yeasts, and fungi 


Figure 4.4 Process of fermentation in laboratory. 
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e Microorganisms are the important part of process in fer- 
mentation. For commercial production of lactic acid and 
citric acid, Lactobacillus delbrueckii and Aspergillus niger 
are used. 


4.5 Biochemical Mechanism 


When there is no oxidative phosphorylation to keep the production 
of ATP (Adenosine triphosphate) by glycolysis then the development 
that involved in the fermentation technology is significant in anaerobic 
conditions. 


¢ Homolactic fermentation is the production of lactic acid 
from pyruvate. 

e The conversion of pyruvate into ethanol and carbon dioxide 
is alcoholic fermentation. 

e Production of lactic acid as well as other acids and alcohols 
is known as heterolactic fermentation. During fermentation 
pyruvate is metabolized to various different compounds. 

« By fermentation more exotic compounds like butyric acid 
and acetone can be produced. There are some examples of 
fermentation products such as lactic acid and ethanol. 
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Figure 4.5 Conversion of glucose into different fermented products using 
micro-organisms. 
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The assortment of fermentation process is in five major groups of com- 
mercially very important fermentations. They are as follows. 


e Individuals that produce microbial metabolites. 

e Those that produce microbial cells (or biomass) as the 
product. 

¢ ‘Those that produce microbial enzymes. 

e Those that produce recombinant products. 

e Those that transform a compound which is supplementary 
to the fermentation is known as the transformation [8]. 


4.6 Fermentation and its Industrial Applications 


Fermentation is a metabolic process in which energy is resultant from 
partial oxidation of an organic compound using immediate as electron 
donors or electron acceptors. In which the substrate is oxidized and ATP 
is formed directly from the reaction and it takes place by substrate level 
phosphorylation. 

It is accompanied with the production of two mole of ATP Glucose > 2 
pyruvate — 2 lactate (resultant 2ATP is produced), typical example is the 
conversion of glucose to two molecules of lactate. 

Note that plentiful and renewable sources of fermentable carbohydrate 
are plant cellulose, starch, from agricultural wastes; molasses from sugar 
and whey from cheese manufacturing industries. A fermentor or bioreac- 
tor in which process of fermentation takes place. A fermentor is described 
as a vessel designed to carry out fermentation processes under biological 
controlled conditions. 

Fermented products are of huge importance like fermented food prod- 
ucts as they make available and conserve enormous quantities of healthy 
foods in a large variety of textures, flavors, and aromas which improve the 
food quality for human diet (Figure 4.6). On earth, fermented foods have 
been arrived with the human beings. They have been the source of vinegar, 
alcoholic foods, beverages, sausages, pickled vegetables, cheeses, yogurts, 
sauces and pastes with meat-like flavors, leavened and sour-dough breads 
and goes far with us in the near future. Developing countries have been rely- 
ing on the biological system enriched with vitamins and essential amino 
acids, while the developed countries have used the synthetic food enriched 
with vitamins [9]. 
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Figure 4.6 Various uses of fermented probiotics. 


4.7 Relevance of Fermentation 


The applications of fermentation have been rapidly breaching in the food 
stuff as cheese, wine, beer, and bread to high-value products, food chemi- 
cals and pharmaceutical ingredients (Figure 4.7). Due to high cost of petrol 
and reduction in fossil fuel has been the robust case of cost efficient and 
easy fermentation processes. According to some research analysts, a burst 
has there in academic and corporate field, determined by fermentation 
applications in the field of pharmaceutical industries, energy, utilities, and 
special chemicals. 

Biofuels or commonly energy has gained more significant attention 
with the help of fermentative techniques by producing cost effective 
bioethanol [1, 3]. 

The main relevance of the fermentation techniques have been in the field 
of fermented food. Iru, Ogi, Fufu, and Gari are such examples of fermented 
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Figure 4.7 Relevance of fermentation technology. 


foods. Iri has been a type of processed fermented food made from the 
locust beans (Parkia biglobosa) and has been used as a condiment in cook- 
ing. Fufu has been used as a staple food in countries like Africa, Ghana, 
and Nigeria. It has been made from the equal portions of cassava and green 
plantain flour thoroughly with water. Gari is the fine granular flour made 
from the cassava tubers by fermentation procedure and it serves as a major 
staple food [10]. 


4.8 Conclusion 


Principle of fermentation techniques, their theory of control, processes, 
and analysis has been studied in this chapter. The fermentation principle 
has been described as an equational system model with consumption of 
substrate and their microbial growth under ideal mixing conditions with 
and without culture broth reuse. This specifically identifies the special 
characteristics of fermentation techniques, uses, and suitable modes of 
regulation. 
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